Introduction
============

It has recently been reported that there is a high frequency of sperm DNA damage in male infertility and that this abnormality caused miscarriage and abnormal fertilization \[[@B1]\].

Sperm DNA damage appears in high frequency in abnormal semen and has a negative correlation with the fertilization rate \[[@B2],[@B3]\]. Sperm DNA with more than 30% damage makes natural fertilization difficult \[[@B4],[@B5]\]. Sperm DNA integrity is an important indicator for identify normal sperm, thus, it is necessary to confirm the relationship of sperm DNA damage to its impact on fertilization, embryo development, and pregnancy. There are various ways to measure chromatin/DNA damage in humans, and one of these is a chromatin integrity evaluation method which uses aniline blue and eosin staining \[[@B6]\]. Unlike the previous studies using ejaculated sperm, the authors of the previous study reported on the effectiveness of the assay method for the identification of chromatin maturity using aniline blue counterstained with eosin in azoospermia and testicular sperm \[[@B7]\].

This study was performed in order to examine the relationship between chromatin characteristics and the results of IVF after aniline blue stain and eosin counterstain in testicular sperm obtained from obstructive- and non-obstructive azoospermia patients.

Methods
=======

1. Subjects
-----------

The present study was carried out using the testicular tissue sperm of 27 cases obtained from 25 azoospermic patients participating in an IVF-ET program. After biopsy of testicular tissues from male infertility patients diagnosed with azoospermia, patients were classified as having obstructive or non-obstructive azoospermia, and the testicular sperms obtained by testicular sperm extraction (TESE) or by testicular biopsy were used. Patients who underwent the procedure multiple times were considered independent cases. This study was approved by the Institutional Review Board. The average ages of the male and female patients were 37.3±5.5 years and 33.9±4.8 years, respectively. Nineteen and 8 cycles were undergone in 18 patients with obstructive azoospermia (OA) and 7 patients with non-obstructive azoospemia (NOA), respectively. Of these, the results from 15 and 6 cycles of OA and NOA were compared and analyzed after embryo transfer.

2. TESE and freezing and thawing of the seminiferous tubule
-----------------------------------------------------------

TESE and the freezing and thawing of the seminiferous tubules were conducted according to previous reports \[[@B8],[@B9]\]. TESE was conducted using fine forceps in Ham\'s F-10 medium after the testicular tissue extraction. The seminiferous tubules with sperms were mixed with CryoSperm (MediCult, Jyllinge, Denmark) and frozen using an automatic cell freezer (CryoMagic-1, Miraebiotech, Seoul, Korea). The ampoules were thawed in tap water for 5 minutes and TESE was performed after 4-5 times washes with the medium.

3. Aniline blue-eosin stain
---------------------------

Sperms were stained with aniline blue-eosin as described in a previous report \[[@B7]\]. Briefly, testicular sperms were fixed with 4% formalin for 5 minutes, followed by staining with 5% aniline blue solution adjusted with 4% acetic acid for 5 minutes. After washing, the samples were stained with 0.5% eosin solution for 1 minute and dried. The sperm was then mounted with Permount (SP 15-500, Fisher Sci., Fair Lawn, NJ, USA) and observed under a microscope. The sperm was classified as immature if the head stained dark blue and as mature if the head stained red-pink ([Figure 1](#F1){ref-type="fig"}). On each slide, the number of sperm stained pink was counted and the ratio of pink-stained sperm per 100 sperms was calculated.

4. Oocyte aspiration and ICSI
-----------------------------

Ovulation induction for oocyte aspiration followed the FSH/hMG and GnRH agonist/antagonist combination method. Ovulation was induced by 5,000-10,000 IU of hCG injection when the size of the dominant follicles reached 18-20 mm in diameter, followed by aspiration of the oocytes guided by vaginal ultrasound after 34-36 hours. The aspirated oocytes were incubated in G-1 medium (Vitrolife, Goteborg, Sweden) supplemented with 10% human serum albumin (HSA) solution (Vitrolife) for 3-5 hours and the cumulus cells were removed by the treatment of 0.1% hyaluronidase enzyme. Then, oocytes were washed and incubated in a gamete incubation medium (Vitrolife). ICSI was performed to the second meiotic metaphase oocytes with the first polar body. Testicular sperms were transferred to the gamete medium (Vitrolife) to assess motility, and when there were no motile sperms, 5 mM pentoxifylline was added to induce motility. A nearly non-motile single sperm was injected into the oocyte after physically immobilizing the sperm\'s tail and retrieving the sperm using an injection pipette.

5. Assessment of fertilization and embyo
----------------------------------------

Fertilization was assessed by the presence of two pronuclei 16-18 hours post ICSI. The fertilized egg with 2 pronuclei was transferred to G-1 medium and incubated for 48 hours and followed by further incubation in G-2 medium (Vitrolife) supplemented with 10% HSA solution. The determination of embryonic status was based on the uniformity, size, and fragmentation of blastomeres, and these qualities were classified into 5 groups denominated grades I-III. The embryos with equal-sized blastomeres and having no fragmentation were classified as grade I. The embryos with equal-sized blastomeres and having less than 25% fragmentation in the whole volume of the embryo were classified as grade I-1. The embryos with uneven blastomeres and having less than 25% of fragmentation were classified as grade II. If there were uneven blastomeres and 25-50% fragmentation, the embryos were classified as grade II-1. The embryos with more than 50% fragmentation were classified as grade III. Of these, grade I and II embryos were considered good.

6. Embryo transfer and pregnancy confirmation
---------------------------------------------

Grade I and II embryos normally developed into 4-8 cell stages and were then transferred into the uterus. Pregnancy was confirmed by the presence of 5 mIU/mL of β-hCG 12 days after egg aspiration, and defined as clinical pregnancy when a pregnancy sac was identified by ultrasound examination.

7. Statistical analysis
-----------------------

Statistical analyses were carried out by Student\'s *t*-test and chi-square test, and were considered significant when the *p*-value was less than 0.05.

Results
=======

The testicular sperm chromatin maturity of the OA and NOA patient groups were 31.1±11.2% and 26.3±14.4%, respectively. The value was slightly higher in the OA group than in the NOA group. The rates of fertilization, embryonic development, and healthy embryo generation in OA and NOA groups were compared ([Table 1](#T1){ref-type="table"}). The fertilization rate of the OA group (74.2%) was significantly higher (*p*\<0.05) than that of the NOA group (51.4%). The embryonic development rates were not different between the two groups, whereas the healthy embryo generation rates were 49.1% and 71.9% in the OA and NOA groups, respectively, though the difference was not statistically significant. The fertilization rate of the OA group (60.0%) was higher than that of the NOA (83.3%). The clinical pregnancy rates in OA and NOA groups were 46.7% and 33.3%, respectively, though the difference was not statistically significant.

The rates of fertilization, embryo development, and healthy embryo generation in the OA group were measured and presented in [Table 2](#T2){ref-type="table"}. The chromatin maturity rates in the pregnant and non-pregnant groups were 34.1±13.8% and 26.7±7.4%, respectively. This rate was higher in the pregnant group, though the difference was not statistically significant. The rates of fertilization, embryo development, and healthy embryo generation were also higher in the pregnant group, though the difference was not statistically significant.

In the NOA group, the rates of fertilization, embryo development, and healthy embryo generation between the pregnant and non-pregnant groups were compared. The chromatin maturity rates in the pregnant group and the non-pregnant group were 30.3±9.5% and 26.3±16.7%, respectively. The rate in the non-pregnant group was slightly higher than pregnant one; however, there was no statistical difference ([Table 3](#T3){ref-type="table"}). The fertilization rate was higher in the pregnant group, whereas the healthy embryo generation rate was higher in the non-pregnant group. However, there were no statistical differences between groups.

Discussion
==========

The DNA packaging of sperm chromatin differs from the chromatin of somatic cells. The human sperm nucleus consists of approximately 85% protamine and 15% histone proteins. During spermatogenesis, after binding to DNA, histone is replaced by transition protein in the spermatocyte and further replaced by protamine in the spermatid \[[@B10]\]. In most somatic cells, nuclear DNA coils to form a supercoil around a histone octamer, but the DNA helix in mammalian sperms are arranged into a linear configuration. For this condensation, chromatin is stabilized by the disulfide bond between DNA and protamine \[[@B11]\].

In assisted reproductive technology (ART), the methods used to evaluate sperm DNA damage which influence the fertilization and pregnancy rates were practiced by integrity assessments of sperm DNA or sperm chromatin. Aniline blue staining method was used as one of sperm chromatin integrity (chromatin packaging) evaluation methods to identify immature sperms due to an abnormal histoneprotamine transition \[[@B12]-[@B14]\]. Due to the presence of lysine-rich histone in the immature sperm, the sperm head is stained dark blue by aniline blue. However, the head of mature sperm do not stain due to the presence of cystein- and arginine-rich protamine contained in them. According to these principles of the aniline blue staining method, we know that a large amount of histone is present in sperm with abnormal DNA \[[@B15],[@B16]\]. However, a precise evaluation was difficult because the mature sperm were not stained by the conventional staining method. To address this problem, a staining method using aniline blue counterstained with eosin on ejaculated sperm has been reported \[[@B6]\].

In general, an egg can be fertilized by a sperm with stable DNA. Fertilization by sperm with abnormal DNA is also possible, despite a lower pregnancy rate \[[@B17]\]. In male patients with severe infertility problems, the percentage of sperm DNA damage appears to be high. Therefore, when practicing ICSI, the probability of using sperm with damaged DNA is high, and due to the high apoptotic activity during development into a blastocyst and, in the event of a successful pregnancy, the chance of a successful ongoing pregnancy is significantly low \[[@B18],[@B19]\]. When performing ICSI, though sperm may appear to be normal, sperm chromatin may be abnormal, and the higher the rates of abnormal chromatin the more the initiation or complement of decondensation interfere and cause pregnancy failure \[[@B20]\]. Unrecoverable abnormal paternal genes may also be transmitted in sperm, influencing blastocyst development \[[@B21]\]. Thus, even though the motility and shape of sperm may be normal, the possibility that genetically abnormal sperm is injected cannot be ruled out \[[@B22]\]. The relationship between a minute increase in DNA damage in these sperms and abnormal blastocyst development, failure of implantation, and miscarriage miscarriage has been reported. By evaluating sperm chromatin integrity, the diagnosis and prognosis of male infertility can be determined \[[@B23]-[@B25]\].

However, Tomlinson et al. \[[@B26]\] reported that there was no correlation among apoptosis, fertilization rate, and mean embryonic scores in incubation at 2-3 days *in vitro* for ejaculated sperm. This is due to the fact that a paternal gene is expressed after 4 cell stages of embryonic development regulated by the maternally-derived mRNA in humans \[[@B27]\], and a previous report \[[@B28]\] demonstrated that the paternal gene is activated after embryonic genome activation. On the other hand, studies that have analyzed the roles of abnormal paternal genes in respect to miscarriage have not been performed properly. This has been attributed to the fact that evaluation of fine chromosomal damage (DNA nick, double-strand break) has not actively been performed though analyses of numerical and structural abnormalities \[[@B29]\].

It has been reported that sperm with damaged DNA has a negative influence on pregnancy outcome. However, there is some debate regarding which methods are appropriate to measure the effects of sperm DNA damage in infertile patients. The majority of previous reports have attempted to determine a diagnosis and prognosis of male infertility by means of identifying the relationship among abnormal blastocyst development, implantation failure, miscarriage, and an increase in DNA damage. In this study originated from identify chromatin abnormality, our results are somewhat different from previous reports. Because there are no criteria regarding fertilization rates and embryo development according to chromatin maturity, evaluation criteria need to be established. The benefits of aniline blue-eosin staining for the evaluation of chromatin abnormality are the simplicity of the procedure and the ease of confirming the results. Using this method, it has been reported that it could be possible to predict the pregnancy failure rate for women aged below 35 years old than over 35 years old \[[@B6]\]. However, the study was performed using ejaculated sperm. In the author\'s previous report \[[@B7]\], the characteristics of aniline blue-eosin staining in testicular sperm were described and the present study has a meaning in the evaluation of relevance to IVF results.

In this study, the degree of chromatin condensation identified by aniline blue-eosin staining in non-obstructive azoospermia patients is slightly lower than that of inobstructive azoospermia patients (*p*\<0.1), likely accounting for the reduced pregnancy rate. The possibility of predicting pregnancy and embryo development is not different between two groups. More analysis is therefore needed to determine whether this result is due to a small number of repetitions or the abnormality in sperm chromatin may be overcome during embryo development.

Therefore, the present results clearly show that ART results are affected by the degree of sperm chromatin damage. Further studies are needed to develop and standardize a reliable method for the evaluation of chromatin damage, to verify its influence on pregnancy, as well as to develop a method for selecting a proper sperm with undamaged chromatin for ART.
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Values are presented as mean±SD or number (%).
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Statistical difference was not observed between two groups.
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Statistical difference was not observed between two groups.
